Introduction: Only a small proportion of patients with diarrhea are diagnosed with laboratory tests in China, and most are diagnosed based on clinical symptoms. Therefore, understanding the prevalence of different diarrheal pathogens and their specific symptoms is important. Methodology: Data from a prospective study in Beijing of acute diarrhea and the related pathogens were used to study the association between different pathogen groups and the infected patients' characteristics. A total of 355 patients with acute diarrhea, clinically diagnosed with infectious or noninfectious diarrhea by general practitioners (GPs), were recruited from three districts. Results: Different species of diarrheal pathogens were detected in 133 (37.5%) patients. The most prevalent pathogen was calicivirus (42.9%), followed by rotavirus (30.1%), Vibrio parahaemolyticus (13.5%), and Salmonella spp. (10.5%). The detection rates in patients diagnosed with infectious or noninfectious diarrhea by GPs did not differ significantly ( 2 = 0.026, p = 0.873). Abdominal pain correlated negatively with viral pathogens, whereas nausea, living in the suburbs, and winter infection correlated positively with viral infection. Abdominal pain and leukocytosis were positively associated with bacterial infections, whereas winter infection correlated negatively with them. Conclusion: In this study, we found that the detection rates in patients diagnosed with infectious or noninfectious diarrhea by GPs was the same. We also revealed the improper prescription of antibiotics by GPs based simply on clinical diagnoses. A further analysis of diagnostic accuracy and methods is required to assist GPs in improving their diagnoses when insufficient laboratory tests are available and budgets are limited.
Introduction
Diarrheal diseases are an important public health issue. Although the mortality associated with diarrheal diseases has decreased progressively throughout the world, the morbidity of the disease has increased slightly in recent years [1, 2] . There are two main types of diarrhea: infectious and noninfectious. Infectious diarrhea is usually a symptom of gastrointestinal infection caused by a variety of bacteria, viruses, and parasites. Noninfectious diarrhea is caused by many factors, including appendicitis, hypoimmunity, and renal transplantation [3] [4] [5] .
It is very important to classify cases of diarrhea correctly because the diagnosis affects both the treatment and the prevention and control measures.
Because many diagnoses of infectious diarrhea are made by general practitioners (GPs) rather than by laboratories in China, understanding the pathogenic spectrum and the differences in the clinical symptoms caused by these pathogens is extremely important.
In past decades, limited laboratory capacity and lack of funding have restricted the etiological testing of acute diarrhea in China. Moreover, parasites, bacteria, or viruses have been studied separately, with no description of the complete spectrum of diarrheal pathogens [6] [7] [8] [9] . In 2012, we established hospital-based sentinel sites in three districts of Beijing to monitor adult patients (≥ 18 years of age) with acute diarrhea attending as outpatients and to test them for both viruses and bacteria. The infection rates of parasites were too low (2.9% in 2002 and 0% in 2006-2010 [6, 7] ) to be included in our study. The objectives of the study were to obtain information about the distribution of diarrheal pathogens and to evaluate the association between individual pathogens and symptoms. These results should provide valuable diagnostic information for GPs in the clinical context.
Methodology

Surveillance sites and population
Seven sentinel hospitals affiliated with three different districts of different geographic and socioeconomic situations in Beijing, China, were investigated in 2012. The average number of recruited patients with diarrhea attending the outpatient departments every month exceeded 10 patients per district. The outpatients were investigated and sampled on Tuesdays in the first and third weeks of every month, and five outpatients were enrolled per week.
Case definition and enrollment of patients
Adults (≥ 18 years of age) were considered eligible for enrollment if they presented in one of the seven surveillance hospitals with symptoms of diarrhea. A case of diarrhea was defined as the passage of three or more stools in 1 day that appeared loose, watery, bloody, or contained mucus. The exclusion criteria were the systemic use of antibiotics after diarrhea, and persistent diarrhea, which was defined as diarrhea lasting for more than 14 days before presentation at the hospital.
All subjects were informed about the study by the doctors and agreed to participate and provide stool samples. The clinical and epidemiological information for each patient was recorded with the electronic gastrointestinal clinic surveillance and reporting system in Beijing, and included the following information: age, sex, residence, clinical symptoms (fever, vomiting, abdominal pain, nausea, frequency of diarrhea), laboratory test results, and epidemiological history (such as the consumption of suspicious food). Based on their epidemiological history and clinical symptoms, all the patients were diagnosed with infectious or noninfectious diarrhea by the GPs, with no laboratory confirmation. The patients clinically diagnosed as infectious could be given antibiotics after sample collection.
A stool sample was collected from each patient on the day of presentation, and was analyzed within 24 hours by the laboratory of the district Center for Disease Prevention and Control (CDC). The isolated strains and their preliminary biochemical and serological results were sent to the laboratory of the Beijing CDC for confirmatory tests.
Bacterial detection
Bacterial pathogens were isolated from the fecal samples with standard microbiological and biochemical tests, and included Shigella spp. [10] , Salmonella spp., diarrheagenic Escherichia coli (DEC), and Vibrio parahaemolyticus [11] . Briefly, a loop of fecal sample was first streaked onto plates of MacConkey agar, sorbitol-MacConkey agar, xylose lysine deoxycholate agar, and Salmonella-Shigella agar (Becton Dickinson Co., Sparks, USA). A swab of fecal sample was also used to inoculate peptone water containing 3% NaCl, and was cultured for 6 hours at 37°C for Vibrio spp. A loop of supernatant was then streaked on a plate of CHROMagar Vibrio Agar (CHROMagar Co., Paris, France).
After culture at 37°C for 24 hours, suspicious colonies from the plates described above were picked from the plates to test the isolated strains with Gram staining, oxidase and catalase tests, and biochemical identification with the VITEK-2 Compact (BioMerièux, Lyon, France). All the isolated bacterial strains were serotyped with the slide agglutination test using commercially available antisera (antiserum for Salmonella was purchased from SSI Diagnostica, Hillerod, Denmark; antisera for Shigella and Vibrio were from Denka Seiken, Tokyo, Japan; antisera for E. coli were from Tianrun, Ningbo, China and SSI Diagnostica, Hillerod, Denmark).
Salmonella, Shigella, DEC, and V. parahaemolyticus strains that were isolated and confirmed with various methods in the laboratory were used as the quality control in every step of the identification process.
Viral detection
The fecal samples were also used to detect viral pathogens, including rotavirus and human calicivirus. A small amount of sample was added to an Eppendorf tube with 10 volumes of sterile saline to prepare a 10% (v/v) stool suspension. Rotaviruses were identified with an enzyme-linked immunoassay kit for group A rotaviruses (ProSpecT Rotavirus Microplate Assay, Oxoid, Basingstoke, UK), according to the manufacturer's instructions.
Human caliciviruses were detected with reversetranscription polymerase chain reaction (RT-PCR) using the 289/290 primers, which target the polymerase gene region [12] . Viral RNA was extracted from 140 µL of the stool suspensions described above using the QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany), according to the manufacturer's instructions. The RNA was eluted in 50 µL of RNasefree distilled water and stored at -80°C. A one-step RT-PCR (OneStep RT-PCR Kit; Qiagen, Hilden, Germany) was performed at 42°C for 1 hour and 95°C for 15 minutes, followed by 40 cycles of 94°C for 60 seconds, 58°C for 80 seconds, and 72°C for 60 seconds, with a final extension at 72°C for 7 minutes. The amplified PCR products were visualized with electrophoresis on the QIAxcel System (Qiagen, Hilden, Germany).
Statistical methods
Pearson's  2 test was used to test the association between the viruses or bacteria and patient-related factors such as age, month of onset, and clinical diagnosis. A logistic regression analysis was used to examine the association between each pathogen and abdominal pain, nausea, vomiting, season, minimum number of stools per day, and leukocytosis. All variables were added step-wise to the model, with an entry level of 0.05 and a removal level of 0.1. For each selected variable, the estimated effect is presented as an adjusted odds ratio and a 95% confidence interval. All statistical analyses were performed with SPSS version 16.0 (SPSS Inc., Chicago, USA). Statistical significance was set at p < 0.05.
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Results
In total, 355 (2.3%) patients were recruited from 15,122 outpatients with diarrhea who attended the seven sentinel hospitals in 2012, and all these patients had mild diarrhea. The average monthly enrollment was 13-40 patients ( Figure 1 In total, 140 pathogens were detected in 133 patients (37.5%). In the positive samples, a single pathogen was observed in 126 cases, and mixed infections were detected in 7 cases. The prevalence of different microorganisms is shown in Table 1 . The rates for viral (single pathogen), bacterial (single pathogen), and mixed infections were 24.5%, 11.0%, and 2.0%, respectively. The most frequently detected pathogens in these diarrheal patients in Beijing were calicivirus, rotavirus, V. parahaemolyticus, and Salmonella spp.
The predominant serotype of V. parahaemolyticus detected was O3:K6 (12/18; 66.7%), followed by The subjects were divided into three age groups: 18-40, 41-60, and > 60 years. Calicivirus, rotavirus, and Salmonella spp. were detected in every age group. There was no significant difference in the viral or bacterial detection rates among the three age groups ( 2 = 4.529, p = 0.339; Table 2 ).
In 2012, bacterial pathogens were more frequently detected from May to September, whereas viral pathogens predominated in the other months ( Figure 2 ). According to the climatography [13] , spring occurs in April-May in Beijing, summer in June-August, autumn in September-October, and winter in November-March of the following year. The detection rates for viruses and bacteria differed significantly among the different seasons ( 2 = 3 9.365, p < 0.05). The viral infection rate was high in winter, whereas bacterial infections were more common in summer (Table 3 ).
Among the 355 diarrheal patients, 123 (33.5%) were clinically diagnosed as having infectious diarrhea and the others (66.5%) were considered to have noninfectious diarrhea, such as indigestion and gastrointestinal dysfunction. The GPs selected treatment based on the clinical manifestations. Patients diagnosed with infectious diarrhea had the highest rate of antibiotic therapy, which was significantly different from that of patients with other diagnoses ( 2 = 82.482, p < 0.05), although 21.9% of patients diagnosed with diarrhea of unknown origin were also administered antibiotics (Table 4 ). Table 7 . Multivariate logistic regression of the association between illness characteristics and pathogen groups. The detection rates for different pathogens in the infectious and noninfectious diarrhea groups diagnosed by GPs did not differ significantly (χ 2 = 0.026, p = 0.873). Bacterial infection was more common in those patients diagnosed with infectious diarrhea, whereas viral infection was more frequent in those diagnosed with noninfectious diarrhea, including those diagnosed with gastrointestinal dysfunction, hypopepsia, or suspected diarrhea ( 2 = 17.830, p < 0.05; Table 5 ). Based on the laboratory test results, the sensitivity of clinically diagnosed infectious diarrhea by GPs was only 33.8%. Mixed infections were excluded from the analysis because of the limited number of cases. Table  6 shows that the rates of antibiotic therapy administered to patients with different laboratory results (i.e., viral infection, bacterial infection, or none) did not differ significantly ( 2 = 3.757, p = 0.153). A multivariate logistic regression analysis of the association between the illness characteristics and the pathogen groups detected was performed for the 355 patients with a simple infection (viral or bacterial pathogen detected) or no detectable infection (Table 7) . Abdominal pain, nausea, living in a suburb, and autumn or winter infection were associated with viral pathogens. Abdominal pain correlated negatively with viral infection, whereas the other factors correlated positively. Bacterial pathogens were positively associated with abdominal pain and leukocytosis, but negatively with winter infection. All pathogens correlated positively with nausea, winter infection, and a minimum of six stools per day. There were tendencies for positive associations between viral pathogens and spring infections, between bacterial pathogens and a minimum of six stools per day in the acute phase, and between any pathogen and a minimum of six stools per day.
Illness characteristics
Number of patients with illness characteristics and odds ratios (OR) with 95% confidence intervals (CI) for pathogens
Discussion
We established seven sentinel hospitals affiliated with three different districts, representing different types of areas in Beijing: urban areas, suburbs, and remote suburbs. The seven sentinel hospitals in this study received 15,122 diarrheal patients in 2012, which constituted 8.1% of all the reported cases of diarrhea (185,961 cases) in Beijing in that year. The results of the electronic gastrointestinal clinical surveillance and reporting system showed that 180,000-190,000 cases of diarrhea occur each year in Beijing, of which about 35% are clinically diagnosed as infectious diarrhea. In China, GPs make clinical diagnoses of infectious diarrhea without laboratory results that identify the bacterium, virus, or parasite involved; therefore, it is extremely important that the GPs understand the pathogenic constitution of infectious diarrhea and the characteristic symptoms of different pathogenic groups. The equipment and funding for pathogen sampling and detection are limited in Beijing, so the constitution of the acute diarrhea observed in this city remains unclear, and the etiology of acute diarrhea is usually attributed to enteropathogenic bacteria and childhood diarrhea [14, 15] .
At least one enteric pathogen was detected in 133 (37.5%) of the 355 stool specimens examined in this study. This proportion is consistent with the findings in several other countries [16] [17] [18] . The rates of viral (single pathogen), bacterial (single pathogen), and mixed infections were 24.5%, 11.0%, and 2.0%, respectively. Viruses were the leading cause of diarrhea in all age groups, which agrees with the finding of Karsten et al. [18] . Although the detection rate of viruses in patients with diarrhea varies widely in different areas of China, ranging from 14.7% to 94.1%, the most common viruses detected are rotavirus and calicivirus [8, 9, 19] . In our study, the rate of calicivirus infection (16.1%) was higher than that of rotavirus infection (11.3%), which is similar to the results for Tianjin, a municipality close to Beijing [8] . The rates and serotype spectra of V. parahaemolyticus, Salmonella spp., and DEC were similar to those of previous studies in Beijing, whereas the rate of Shigella spp. detected dropped from 5.95% to 1.7% [14] . Previous data showed that the rate of Shigella spp. detection varied greatly in these years, from 11.2% to 2.0%, and that Shigella sonnei had been the predominant species in Beijing since 2006-2007 [20,21] . However, S. sonnei is predominant in children and adolescents [21] and our study subjects were adults (over 18 years of age), so the number of cases of S. sonnei infection was similar to that of Shigella flexneri, rather than being the predominant strain. The limited number of Shigella spp. isolated may be related to the age of the study population.
Because China is a developing country, not all diarrheal patients can be diagnosed through laboratory testing in China. GPs often divide diarrheal patients into infectious and noninfectious cases based on their clinical symptoms and the results of routine stool tests. They then select the antibiotics prescribed based on this clinical diagnosis. This study shows that GPs may not always identify infectious diarrhea correctly. If we use laboratory results as the golden standard, the diagnostic sensitivity of infectious diarrhea was only 33.8%. In general, GPs more accurately diagnosed infectious diarrhea caused by bacteria, but there was no significant difference in antibiotic treatments prescribed to patients with different laboratory results. This undoubtedly leads to the irrational use of antibiotics, at least to some extent. Further study of the diagnostic accuracy and the antibiotic therapies offered in Beijing is required because the number of cases examined in the present study was limited.
Our analysis of the association between patientrelated factors and different pathogen groups (viral, bacterial, or mixed infections) confirms some of the findings of Dutch and Nordic studies [22, 23] . Nausea, living in a suburb, and autumn or winter infection correlated positively with viral pathogens, whereas abdominal pain was negatively associated with viral pathogens. Bacterial pathogens were positively associated with abdominal pain and leukocytosis, but correlated negatively with winter infection. All pathogens correlated positively with nausea, winter infection, and a minimum of six stools per day. There were also tendencies towards positive associations between viral pathogens and spring infection, bacterial pathogens and a minimum of six stools per day, and any pathogen and a minimum of six stools per day. Our study found no association between fever, travel, or vomiting and intestinal infection because few of the patients reported these factors. Nausea, place of residence, leukocytosis, and abdominal pain correlated differently with viral and bacterial infections. Many studies have reported that viral pathogens are more likely to be transmitted by person-to-person contact [22] [23] [24] . Although very few cases were reported to be transmitted by other patients in this study, we found that living in a suburb of Beijing was associated with viral infection. Living in a suburb of Beijing implies a crowed environment, with many opportunities to contact individuals with diarrhea.
This study had some limitations. First, other potential enteric pathogens, such as parasites, adenoviruses, astroviruses, and Clostridium difficile, were not included in the detection panel, which might have reduced the detection rates. Second, the detection methods used may have affected the detection rates, especially for bacteria. Third, the information about the patients in the clinics was subject to selection bias. Fourth, this study did not include patients who experienced only nausea and/or vomiting, so the results do not reflect the pathogenic constitution of all patients with gastrointestinal illness. Moreover, the study only lasted for one year, which was insufficient to completely describe the etiological constitution and the trends in the development of diarrhea. Further study is required in this field.
Conclusions
At least one enteric pathogen was detected in 37.5% of adult (≥ 18 years of age) patients with diarrhea in Beijing in 2012, and the rate of viral infection was higher than the rate of bacterial infection. The detection rate for pathogens in the stool specimens from patients diagnosed with infectious diarrhea by GPs was only 36.6%, which did not differ significantly from that (37.9%) in patients diagnosed as noninfectious. Because GPs' decisions regarding treatment are mainly based on these clinical diagnoses, inaccurate diagnoses will lead to the irrational use of antibiotics. We observed associations between the different types of infection and specific symptoms, such as abdominal pain, leukocytosis, nausea, living in a suburb, and a minimum of six stools per day. Information about these features may improve the decisions of GPs regarding microbiological testing and treatment.
